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Provides whole body counts (WBCS) of exposed
and resettled individuals for internal intakes of
CS-137 still in the environment

Provides urinalysis of exposed and resettled
individuals for internal intakes of Pu-239

Provides translation of results into dose for
hazard assessment

Maintains computerized database for bioassay
results from 1954 to 1985 in addition to current

Results provide assurance that a priori
predictions made by LLNL environmental
monitoring for resettled populations are valid

Results provide assurance to Marshallese that
doses due to residual radioactivity remain low

Upon return of Rongelap people, results used to
determine compliance with MOU remedial action
criterion of 100 mremlyear ~--

HOW ARE THESE FIELD ACTIVITIES
ACCOMPLISHED?
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Use of DOEINVOO contracted vessel to bring
WBC equipment to 300-400 people once per year,
counting and analysis done simultaneously,
results given to individuals

In conjunction with WBC, urines collected in
most sensitive subgroup of population (children)
brought on board for 24 hour collection of urine

Urine samples packaged and sent to BNL for
analysis with same regulatory clearances
necessary for environmental samples

Current analysis accomplished by Fission Track
Analysis (FTA), Pu-239 MDA = 100 attocurieslzoo
ml sample = 1 mrem/year

BNL processes 10 samples per week at best, at
$1200 per sample
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Plutonium Dose Assessment LJsing Blood Samplest
L

M. Owaisl, L. C. Sunz. and W. J. -3-’
~DNA, Alexandria VA; ~NL, Upton W, %AIC, McLeanVA

Urine bioassay is a standard method for assessing plutonium uptake, but is it the most
viable method? Since the plutonium in urine has been climinaud fim systemic blood, blood is
herein investigated as a suitable rndium for plutonium bioassay.

The obvious issues arc the amount of plutonium in a practicable blind samplQ compared to
chat in a 24-h urine sample, and the interpretation of body burden and organ dose from that
amount. T%erekive concenmttion of pluconiurnin bloai and urine is dcpcndcnt on the climinauon
rate (daily fiction) from blood to urine. Because some of the current biokinetic modeling
incorporates intemdiate compartments between the blood and the urine, mtnslocarion rate
constants (’TRC) must bc compad carefully. The recent recommended TRC of the plutonium
fiotn bIood directly (Ourine (bladder content) is 0.0129 dl in I%blkation 67 of the InwrnationaI
Conmssion on Radiological Rotcction (ICRP 1993). For tissues in the urinarypath, the TRCS
am 0.00647 d-] &om bkmd to the kidneys and 0.01386 dl fium the kidneys to the bladder cmttem.
Funk, “to account for an apparcm increase with rime in fractional clearance of circulating
plutonium,” the applicable TRCS in Publication 67 are 0.0806 d-l fim blood to soft tissues and
0.00047S dl from soft tissues directly to the urine. The net implication at several years after
plutonium uptake, when the level of plulonium in the blood approaches a dynamic equilibrium, is
tat the plutonium climinatui in 24-h wine is almost 6 pcmem as much aa the total plutonium in
mod — an cfktive TRC of 0.06 d’. This contrasts to the findings of (1) HitkMJI er al.

‘-(1995), who reported based on excretion data from seven exposed plutonium wmrkrs a TRC-,
(effective) of 0.0078 dl fkom blood to wins (2) Thomas et al. (1984), who reported based on
animaland human data a TRC of 0.008 d-l of plutonium fkom bkod to urinary cxcrcaon; (3)
Ohlenschlacgcr er al. (1984). whose 24-h urine and autopsied blood samples from a single
exposed plutonium worker imply an eff’tive TRC fkutrt biood to urine of 0.M3 d-l; and (4) Sun
(1987), who obt.aincd a TRC of 0.009 d-i for plutonium from bkxi to urinaxy cxcrcrion (with
modeled direct elimination oniy), based on a four-companrncnt mammalian model and together
with Lcggett’s plutonium sysKcmicwhole-body retention function (Lcggett 1984; Lcggett 1985).

The above infonnadon implies that plutonium is more conccrmated in blood than in wine
and, based on the non-ICRP references. much more concenmmxi Since plumnkm behaves in a
siudar fashion as iron in blocd it lmnds with transftin and is camki by bkmd alla circulating in
the body (Durbin 1972; TCRP 1986) — effectively in a uniformly mixed pool. Therefore, the
accuracy and reliability of plutonium dose assessment using blood samplkg ~ CXpW@ to be
bcmr dmrtwith urinalysis mctiods. Analysis of blood samples is also recommended for finding
the solubtity of a plutonium contaminant and the dynamic properties tim the site of entry to the
sys[cmic organs (Ckrncmc ~d Delle Site 1982). A blood bioassay ~gram can be usd either in
coordination with, or as a replacement for, using rimed (non 24-h) urine samples to rcducc

t‘XMSworkisprepad forthe4IsConfaence on Bioassay, AnaIytksl, and EnvironmentalRadi=kmX,-—
Boston, Mas, on 12-16 November 199S.
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unceminrics in uptake or dose. A blood bioassay program is also uscftd for investigating the
phcend uansfcr of pluronium be-n mammal bkxxi and the conceptus.

L.
d The necessary blocd sample volume is estimated as follows. The total weight of bkd is

about 7.7% of the total body weight (Langham et al. 1980; Voelz er af. 19’79), The suggested
average blood weights in a male adult and a female adult are 5,900 and 4,1OOg, respectively

(Wlliams ad Leggett 1989). The density, p, of blood (rariging fkm 1.048 to 1.066) is similar to
that of the body overall. Basai on alXabove non-ICRP suggested l’12C infosmatio m the Urinaly
elimination of plutonium within a 24-h inrewai equates to the amount of plutonium contained in
between 20 and 50 ml of blood for a male adulL In other words, for blood bioassay, a small
sample volume of blood is sufficient for monitoring plutonium uptake and assessing dose
whenever urine bioassay is viable. However, the blood sample volume actually rquired wiU
depend on the sensitivity of the mcasurcmcnt method to be used, the level of plutonium
contamination in AC body, and the time after exposure.

Thc VdUC(S)of TRC chos~ f~ analysis is not as si~lcant for dctcrmin@s b]~ sample
volume to match the plutonium content of a urine sample. as it is in determining the body burden
and organ doses. It is preferable ~hat TRCs, systemic retention funcrions, and dose conversion
fac[ors be dtived tim the same metabolic model. However. that does not imply that a sclf-
consiswnt set (e.g., ICRP) of parameters currcndy provides the best representation of available
data for bioassay applications.

MA(c) be the plutonium content ~qJ at the collection time t [days] after an acute uptake in
, volume V [ml] of blood fm a person of weight W [g]. Then, the uxmrtittod effective dose

s. equivalent (CEDE) can& calculataf f= an adult using the following qntiom
A

cEDaAv] = 1 ntSv B41(o*077*wpl*v”l)(A(t)B-l(r)),

where rhe 1 mSv Bql is a plutonium dose convmion factor derived tim ICRP Publication 56

(1990) for aduIts: 0.077mW and p#V are the total blood weights [g] of the body and sample,
rcspccuvc.iy. The B(c) is a dxne-dependent phtonium retention function in the total blood and can
be usai to soIve for the fraction of plutonium rctaind in the systemic blood at any time t, An
adquate B(t) is n=essary to interpret blood sample rcsulta. There are several plutonium B(I)
available in the literature (Healy 1957; Durbin 1972 bggett 1985: bggett and Eckctman 1987;
and Sun 19S7). For example. basal on Lcggctr’s phnonium systemic retention function, the
folIowing B(t) is a four+xponendal-mrrn fhnction reportedby Sun (1987):

B(t) = 0.9216e4.@*+ 0.07275e~.@+ 0.004275e-Q~~+ 0.001 385e4-~1~.

When X-h urine sample colkcaon protocols arc US4, expensive measures over a 24-h
period must bc taken to ensure the integrity and quality of the sample (Sun et af. 1993). For a 24-
h urine quivakt sensiatity. only a small blood sample is rquired whereas one pint (about 500
ml) k extracted dting a normal blood donation. With a quaMed nurse, obtaining a small blood

, sampie is cxtsy,fast. simple. and safe. This method ensures no exmrrtal sample contamination and
reduc= the overall uxt of sample cd=rion. rclauvc to tie. Thus. it is eqcctcd rhat bloal bio-
wsay for plutonium M provc tiable for mmy applications in lieu of or along with urine bioassay.
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Pu blood retention functions and data
DafafromTalbot et al. N-iPJ65(1) :41-46,S9S)
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